| INTRODUCTION
Systemic inflammatory response syndrome (SIRS) is a clinical syndrome of infectious or noninfectious origin. Sepsis is a systemic inflammatory response to infection. 1 In canine medicine, SIRS has been reported in many infectious diseases [2] [3] [4] [5] [6] and also in several noninfectious inflammatory disorders such as pancreatitis, trauma, neoplasia, and immune-mediated diseases. 2, [5] [6] [7] [8] [9] [10] When SIRS occurs, an excessive release of cytokines results in progressive endothelial dysfunction, increased microvascular permeability and activation of the coagulation system, 9,11-13 which can potentially lead to secondary multiple organ dysfunction syndrome and death. 1 Heart rate (HR), respiratory rate (RR), body temperature, and white blood cell (WBC) count are the clinical criteria used to diagnose SIRS in veterinary 14 and human medicine. 1 Myocardial dysfunction during SIRS has been demonstrated in humans, 15, 16 in in vitro models [17] [18] [19] and also in dogs by the lithium dilution cardiac output method. 20 Echocardiography has been used in only a relatively small number of studies to assess echocardiography is angle independent and allows differentiation between active and passive myocardial movements. Two-dimensional STE has been used to measure LV myocardial rotation and torsion, 24 radial 25 and longitudinal 26, 27 St and StR, for both endocardial (ENDO) and epicardial (EPI) layers 28 in healthy dogs and in dogs affected by cardiac diseases. [29] [30] [31] In all studies, the method has been shown to have good repeatability and reproducibility. Two-dimensional STEderived long-axis and short-axis St previously have been validated in dogs with sonomicrometry as a reference standard. 32 To the best of our knowledge, no previous study has analyzed LV systolic function by STE in dogs with SIRS. The main objective of our study was to compare 2D-STE with conventional 2D and M-mode echocardiography in the evaluation of systolic function in dogs with SIRS.
| MATERIAL AND METHODS
The study was an observational case-control study carried out at the 
| Two-dimensional and M-mode echocardiography
M-mode and 2D cine loops and images were acquired and measured as recommended by the guidelines of the American Association of Echocardiography. 35 The M-mode images of the LV were obtained from the right parasternal short axis view. The M-mode-derived LV end-diastolic diameter (LVIDD) and end-systolic diameter (LVIDS) were normalized to body weight (BW) 36 The system used provided a quality control of the temporal resolution, it did not allow elaboration of clips having a frame rate (FR) < 40 Hz, which is adequate for HR < 100 beats per minute (bpm). 40 (6) G-Tran-StR, and (7) X4D-EF.
To determine intra-observer 2D-STE measurement variability, 10 echocardiograms of 10 different dogs (5 from the SIRS group and 5 from the control group) were randomly selected and submitted to 3 repeated measurements by the same observer (Andrea Corda) on the same clip sets.
Each clip set was measured twice in a single day and once 1 week later to assess intra-observer within-day and between-day variability, respectively.
| Inclusion criteria
Dogs that fulfilled at least 2 of the 4 SIRS criteria 14 were included in the
mm Hg, and (4) leukocytosis (WBC count ≥12 000 WBCs/μL) or leukopenia (WBC count ≤4000 WBCs/μL) or >10% band neutrophils. Systemic inflammatory response syndrome severity was classified based on the number of SIRS criteria present at first examination. 14 
| Statistical methods
Statistical analyses were performed using Stata 13 (Stata Corp, College Station, Taxes). Continuous variables were presented as mean and SD or as median and interquartile ranges, depending on their parametric distribution. Student's t and Mann-Whitney tests were used to assess differences between control and SIRS groups. Proportion test was used to compare categorical variables. Multiple linear regression analysis was performed to explore the relationship between the 2D-STE parameters, as individual dependent variables, and dog breed, age, BW, and HR as independent variables. Statistical significance was considered when P < .05. The average percent coefficient of variation (CV) was used to quantify the within-day and between-day intraobserver measurement variability. Percent CV was calculated using the following formula: CV = (SD of repeated measurements/average of measurements) × 100. 47 The degree of variability was arbitrarily defined as follows: CV < 5%, very low variability; 5%-15%, low variability; 15%-25%, moderate variability; and >25%, high variability. 48 Values with CV < 15% were considered clinically acceptable.
| RESULTS
Forty dogs initially were enrolled (22 in the SIRS and 18 in the control group, respectively). Five SIRS dogs were excluded because their CRP concentrations were <1.07 mg/dL. One dog in the control group was excluded because of leukocytosis and serum CRP concentration higher than the upper normal limit. A total of 34 dogs were recruited.
The SIRS group included 13 females (4 spayed) and 4 males (2 neutered), with a mean (SD) age of 7 (3.5) years and mean (SD) weight of 22.94
Retriever, 1 English Setter, 1 Shih Tzu, 1 Epagneul Breton, and 1 Staffordshire Bull Terrier. The causes of SIRS were pyometra (n = 5), ehrlichiosis (n = 3), enteritis (n = 1), pancreatitis (n = 1), endometritis (n = 1), leishmaniasis (n = 1), ulcerated and metastatic mammary carcinoma (n = 1), metastatic mast cell tumor (n = 1), splenic and hepatic hemangiosarcoma (n = 1), systemic lupus erythematosus (n = 1), and secondary immunemediated thrombocytopenia (n = 1). Owner-reported clinical signs were anorexia (n = 9), inappetence (n = 7), lethargy (n = 7), weakness (n = 5),
abdominal pain (n = 5), polyuria and polydipsia (n = 3), generalized pain (n = 2), weight loss (n = 2), vulvar discharge (n = 2), vomiting (n = 2), acute diarrhea (n = 1), petechiae (n = 1), and lameness (n = 1 Table 2 ). The M-mode-derived EDVI and ESVI mean values were not significantly different between the 2 groups (P > .05; Table 2 ). Mean values of the SMOD right parasternal EF and SMOD left apical EF were not significantly different between the 2 groups (P > .05); no dog had a SMOD left apical EF < 40%, whereas only 1 dog from SIRS group had a SMOD right parasternal EF < 40% (Table 3 ). The SMOD right parasternal EDVI and ESVI, SMOD left apical EDVI and ESVI were not significantly different between the 2 groups (P > .05; Table 3 ). Speckle-tracking echocardiography resulted in technically adequate images in all dogs. Average CV for intra-observer within-day 2D-STE measurements variability ranged from 3.4% for X4D-EF to 7.6% for EPI-G-Long-St (Table 4) . Average CV for intra-observer between-day 2D-STE measurements variability ranged from 4.1% for X4D-EF to 8.3% for G-Tran-St (Table 4) .
Among the STE parameters analyzed, LV ENDO-G-Long-St and X4D-EF were significantly lower (P < .05) in the SIRS dogs (Table 5) .
On the contrary, LV ENDO-G-Long-StR, EPI-G-Long-St, EPI-G-LongStR, G-Tran-St, and G-Tran-StR did not show significant differences (P > .05) between the 2 groups.
The multiple linear regression analysis results did not identify significant effects (P > .05) of dog breed, age, and sex on X4D-EF, ENDO-
and G-Tran-StR (Table 6 ). Body weight did not have a significant effect on the 2D-STE indices of systolic function evaluated in our study, except for G-Tran-St, which was directly related to it (Table 6 ). Heart rate did not significantly influence the 2D-STE indices of systolic function except for EPI-G-Long-StR and G-Tran-St, which were inversely related to it.
| DISCUSSION
In our study, 2D-STE was compared with 2D and M-mode echocardiography for the assessment of LV systolic function in dogs with SIRS. Systolic impairment in SIRS dogs also was detected by 2D-STEderived EF (X4D-EF) which was significantly decreased compared to healthy dogs. The XStrain-4D-derived EF has been validated using magnetic resonance imaging in humans, 41 but not in dogs. Therefore, X4D-EF reference ranges have not been established in this species. We assumed that the X4D-EF, being free of geometrical assumptions, would be more sensitive than M-mode and SMOD-derived EF in detecting systolic impairment in dogs suffering from mild to moderate SIRS. In our study, conventional 2D and M-mode indices of systolic function (FS, M-mode EF, SMOD right parasternal EF, and SMOD left apical EF) did not detect systolic dysfunction in SIRS dogs, except in 1 case in which SMOD right parasternal EF was <40%. Our results agree with those of a previous study 21 that did not identify echocardiographic evidence of cardiac dysfunction in a population of dogs with SIRS, based on measurements of FS and EF. On the contrary, 2 previous studies found decreases in EF and FS in dogs suffering from SIRS secondary to parvoviral enteritis, 23 sepsis, autoimmune diseases, and cancer. 22 In the first study, FS and EF were significantly decreased only in non-surviving 
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53 (8) 44 ( dogs affected by parvoviral enteritis compared with surviving and healthy dogs. 23 In the second study, 75% of ill dogs with FS < 26% died or were euthanized within 15 days of admission to the hospital. 35 and SMOD-derived EF has poor sensitivity in detecting subclinical LV dysfunction in humans 59, 60 and dogs. 61 End systolic volume index is considered a valuable index of systolic function in dogs. 62 To the best of our knowledge, no study has evaluated ESVI in SIRS dogs. In our study, the ESVI values derived from M-mode, SMOD left apical 4Ch, and SMOD right parasternal 4Ch were not significantly different between the 2 groups, probably because SIRS dogs had mild systolic dysfunction that was not detectable by ESVI measurement. Results of the comparative analysis between the SIRS and healthy dogs showed that age, BW, and sex were not significantly different, whereas, as expected, HR was significantly higher in dogs with SIRS.
The effect of dog breed, age, sex, BW, and HR on 2D-STE deformation parameters was not significant in the majority of cases except for HR on G-Tran-St and EPI-G-Long-StR and for BW on G-Tran-St and G-Tran-StR. Heart rate is known to be an important modulator of cardiac function that influences several echocardiographic variables. 63, 64 The effect of HR on 2D-STE indices of systolic function previously has been evaluated in healthy anesthetized dogs. 65 Results of that study showed that 2D-STE longitudinal and radial St and StR were not changed with increasing HR. On the contrary, in our study, HR was inversely related with G-Tran-St and with EPI-G-Long-StR. In agreement with our results, the decrease in 2D-STE radial St, related to an increase in HR, previously was found in a porcine model. 66 The shortened time of ventricular filling and the consequent decrease in venous return, secondary to increased HR, could explain this result.
The effect of HR on layer-specific EPI and ENDO G-Long-StR previously has been evaluated in healthy dogs, 28 a study that did not find a significant effect of HR on longitudinal StR parameters. On the contrary, we found a significant inverse effect of HR on EPI-G-Long-StR.
The inverse relationship between HR and the negative value of EPI-G-Long-StR means that when HR increases the absolute value of EPI-G-Long-StR increases. This result should be interpreted cautiously, first, because the epicardial deformation could be subject to motion artifacts 28 and second because EPI-G-Long-StR, being a timing measurement, could be strongly conditioned by temporal resolution.
The regression analysis we performed also identified a significant direct effect of BW on G-Tran-St and StR. On the contrary, other reports did not report significant correlation between BW and radial St and StR 25 or found a negative correlation between radial function and BW. 67 These differences could be because of small sample size and the non-equal distribution of BW among the animals included in our study. Our population of dogs was not adequate for determining whether BW affected myocardial deformation, and the assessment of this effect was beyond the scope of our study.
Intra-observer within-day and between-day variability of the 2D-STE-derived indices of systolic function were considered clinically acceptable, and CV ranged from 3.4% to 8.3%. We were unable to find previously reported variability data for XStrain-4D in dogs, but our data suggest that these echocardiographic measurements are repeatable when performed by a single experienced operator.
Our study had several limitations, the most important being small sample size, which may have affected statistical power and limited inferences. Because of the small number of patients in disease categories, we did not perform further statistical analysis regarding the effect of disease category on STE variables. Another important limitation of our study was the lack of serial 2D-STE examinations in the SIRS group, which would be useful to assess LV systolic function after clinical improvement and restored loading conditions. Indeed, decreased preload, although considered not relevant in our SIRS group, could have had an effect on STE variables. 29 Furthermore, we did not investigate the effect of duration of clinical signs before admission, which could influence myocardial function. Another important limitation was the lack of evaluation of radial and circumferential St and StR from short-axis images, which could have added important information about systolic function during SIRS. Moreover, the STE software used in our study (XStrain-4D) has not been validated in dogs and, as a consequence, no reference ranges have been established in this species.
Again, the X4D-EF was not obtained by real-time 3D speckle-tracking software, but was derived from the LV 3D reconstruction obtained by fusing together three 2D left apical views acquired in different cardiac cycles. As a consequence, although the software provided temporal compensation for the HR variation, it could be subject to errors caused by HR variability. The 2D-STE technology itself has several limitations.
The accuracy of measurements is dependent on the quality of the 2D video clips being analyzed to accurately track the ENDO and EPI borders. The accuracy of STE also is dependent on the temporal resolution. Low FR results in unstable speckle patterns, whereas high FR decreases image resolution. Finally, there still are many technical differences among vendors, particularly on post-processing algorithms. 35 Our study showed that some 2D-STE indices of systolic function such as ENDO-G-Long-St and X4D-EF can detect systolic impairment not identified by conventional echocardiography in dogs with mild to moderate SIRS. The early identification and treatment of systolic dysfunction in dogs with SIRS potentially could improve outcome and decrease the mortality rate. 68, 69 Therefore, it is important to promote the use of noninvasive methods to assess cardiac function in SIRS patients.
Based on our results, we believe that 2D-STE may play a pivotal role in assessing myocardial function in dogs with SIRS. However, additional studies are needed to support more extensive use of STE to assist in the diagnosis and management of SIRS-related myocardial dysfunction. 
ACKNOWLEDGMENT

CONFLICT OF INTEREST DECLARATION
Authors declare no conflict of interest.
OFF-LABEL ANTIMICROBIAL DECLARATION
Authors declare no off-label use of antimicrobials.
INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) OR OTHER APPROVAL DECLARATION
The study protocol was approved by the Ethical Committee of the University of Sassari (OPBSA).
HUMAN ETHICS APPROVAL DECLARATION
